The reaction of Au(PPh 3 )Ph with HSnPh 3 yielded the new digoldeditin complex, [Au(PPh 3 )(meSnPh 3 )] 2 , 6 in 52% yield. Benzene was also formed. Sn 2 Ph 6 is a major coproduct that was formed by the degradation of 6. Compound 6 was characterized structurally by a single-crystal X-ray diffraction analysis. The molecule contains two Au(PPh 3 ) groups that are joined by a strong AueAu bond (2.5590(5) Å in length) that is bridged by two SnPh 3 groups. The metalemetal bonding was analyzed by DFT Mo calculations. The AueSn bonding is represented by the HOMO which is a four center: two electron bond.
Introduction
Interest in the organometallic chemistry of gold has grown rapidly in recent years following the discoveries that gold nanoparticles supported on metal oxides exhibit surprisingly high activity for the catalytic oxidation of CO and selected hydrocarbons [1] . Studies have also shown bimetallic catalysts containing gold exhibit even better activity for oxidation catalysis [2] . Tin is well known for its ability to serve as a modifier of heterogeneous metal catalysts [3] . A recent study has shown that Au/SnO 2 catalyst exhibits oxidation activity comparable to Au/TiO 2 , one of the most active catalytic gold oxidation systems [4] . Gold complexes can also perform novel forms of dual catalysis homogeneously when combined with other metals, most notably with palladium [5] .
There are very few examples of organometallic goldetin complexes in the literature. Examples with terminally-coordinated tin ligands include Au(PMe 2 Ph) 2 (SnCl 3 ), 1, AueSn ¼ 2.881(1) Å [6] and Au(PPh 3 ) [Sn{N(p-tol) We have recently found that aryl containing gold phosphine complexes, Au(PPh 3 )Ar, Ar ¼ Ph, Np, Py, react with certain dirhenium [11] and triosmium [12] carbonyl complexes to yield electronically unsaturated complexes containing bridging aryl ligands. In the present work, we have investigated the reaction of Au(PPh 3 ) Ph with HSnPh 3 . The principal product is a new digoldeditin complex [Au(PPh 3 ) (m-SnPh 3 )] 2 , 6 that contains two bridging SnPh 3 ligands. The results of our studies of the synthesis, structural characterization and bonding in this compound are described in this report.
Experimental details

General data
Reagent grade solvents were dried by the standard procedures and were freshly distilled prior to use. Infrared spectra were recorded on a Thermo Nicolet Avatar 360 FT-IR spectrophotometer. 6 formed by its decomposition. This could explain the high measurements for C and H.
Crystallographic analysis
Orange single crystals of 6 crystallize together with colorless crystals of Sn 2 Ph 6 (a decomposition product) upon slow evaporation of solvent from a solution in methylene chloride at 15 C. An orange crystal of 6 was glued onto the end of a thin glass fiber. X-ray intensity data were measured by using a Bruker SMART APEX CCDbased diffractometer by using Mo Ka radiation (l ¼ 0.71073 Å). The raw data frames were integrated with the SAINT þ program by using a narrow-frame integration algorithm [14] . Correction for Lorentz and polarization effects were also applied by using SAINTþ. An empirical absorption correction based on the multiple measurement of equivalent reflections was applied by using the program SADABS. The structure was solved by a combination of direct methods and difference Fourier syntheses, and refined by full-matrix least-squares on F 2 , using the SHELXTL software package [15] . All non-hydrogen atoms were refined with anisotropic displacement parameters. The hydrogen atoms were placed in geometrically idealized positions and included as standard riding atoms during the final cycles of least-squares refinements. Compound 6 crystallized in the orthorhombic crystal system with one equivalent of CH 2 Cl 2 cocrystallized from the crystallization solvent. The space group P2 1 2 1 2 was uniquely identified by the pattern of systematic absences observed in the data. Crystal data, data collection parameters, and results of the analyses are listed in Table 1 .
Computational details
Density functional theory (DFT) calculations were performed with the Amsterdam Density Functional (ADF) suite of programs [16] by using the PBEsol functional [17] with valence quadruplez þ 4 polarization function, relativistically-optimized (QZ4P) basis sets for the gold, tin, phosphorus, carbon and hydrogen atoms with frozen cores. The molecular orbitals for compound 6 and their energies were determined by geometry-optimized calculations with scalar relativistic corrections that were initiated by using the atom positional parameters for the molecule as determined from the crystal structure analysis. The geometry-optimized coordinates of 6 are given in Table S1 .
Results and discussion
The reaction of Au(PPh 3 )Ph with HSnPh 3 yielded the new digoldeditin complex, [Au(PPh 3 )(m-SnPh 3 )] 2 , 6 in 52% yield. Sn 2 Ph 6 was a major coproduct that was obtained in 46% yield. Sn 2 Ph 6 was subsequently found to be formed by the degradation of 6. The formation of benzene was observed when the reaction was performed in an NMR tube in CD 2 Cl 2 solvent. Compound 6 was characterized structurally by a single-crystal X-ray diffraction analysis. An ORTEP diagram of its molecular structure is shown in Fig. 1 . The molecule contains two Au(PPh 3 ) groups that are joined by a strong AueAu bond that is bridged by two SnPh 3 groups. In the solid state the molecule lies on a crystallographic two-fold rotation axis that lies perpendicular to the AueAu bond. The AueAu distance in 6 is short, 2.5590(5) Å, and is shorter than the AueAu bond distance found in the SnB 11 H 11 -bridged digold dianion of compound 5, AueAu ¼ 2.625(1) Å (Scheme 2) [10] . The PeAueAu i angle in 6, 170.74(5) , is almost linear and is similar to that in 5, 178.78(4) . Mingos described the structure of digold molecule Ph 3 AuAuPPh 3 7 which has no bridging ligands [18] ; the AueAu distance given for 7 is 2.76 Å. Although the identity of 7 has recently been questioned [19] , Bertrand recently reported a related unbridged digoldedicarbene complex (CAAC)AuAu(CAAC), 8 CAAC ¼ cyclic(alkyl)(amino)carbene [20] that contains a very short AueAu bond, 2.5520 (6) [24] ; and across a BeB edge of the polyhedral borane B 5 H 8 (2,3-m-SnPh 3 ) [25] . It is unusual to have a SnPh 3 group bridging two metal atoms because the tin atom has only one unpaired valence electron. Clearly some sort of multicenter delocalized bonding can be anticipated for the AueSn bonding in the cluster of 6. In order to understand the AueAu and AueSn bonding in 6, geometry-optimized DFT molecular orbital calculations were performed. Selected molecular orbitals (MOs) that show the metalemetal orbital interactions in the Au 2 Sn 2 ring are shown in Fig. 2 .
The LUMO (À2.21 eV) is a p-type MO delocalized across all four atoms. The HOMO (À4.30 eV) is a delocalized four center e two electron s-type orbital that shows the nature of the goldetin bonding interactions, but it has a node along the AueAu vector. Because of this node, this orbital makes no significant contribution to direct bonding between the two gold atoms. The HOMO-1 (À5.69 eV) is a symmetric two electron bond that is composed principally of d-orbitals from the Au atoms and with small contributions from atomic p-orbitals on the two Sn atoms. This orbital confirms the existence of a significant direct AueAu s-bonding interaction. By using conventional electron counting procedures, the AueSn bonding in 6 would be best described schematically by the diagram A where the four dashed lines represent the four pairs of AueSn interactions represented by the HOMO, formally 1/4 of a bond for each AueSn interaction, and the solid line between the two Au atoms is formally an AueAu single bond that is represented by the HOMO-1.
The complete DFT analysis also reveals three low-lying orbitals that show favorable overlaps that could be interpreted as (Tables 2 and 3) .
Curiously, a number of years ago Schmidbaur reported the compound Au(PPh 3 ) (GeCl 3 ), 9 which was shown to be a dimer in the solid state and contained a significant, but long AueAu [26] .
Conclusions
Compound 6 is a dimer of the formula unit "Au(PPh 3 )(SnPh 3 )".
The molecule is held together by a strong direct AueAu s-bonding interaction and two bridging SnPh 3 ligands. The AueSn bonding is best described by a four center e two electron bond having a node along the AueAu vector.
